It is widely believed that the matter created in p-p collisions exhibits a similar collective behavior as that formed in heavy ion collisions. In this paper, by taking into account the effects of thermal motion, the transverse momentum distributions of identified charged particles are discussed in the scope of the hydrodynamic model including phase transition. The theoretical model gives a good description to the data collected in p-p collisions at LHC energies for the transverse momentum up to about 1.0 GeV T p c = .
Introduction
In the past decades, a number of bulk observables about charged particles, such as the Fourier coefficients n v of azimuth-angle distributions [1] [2], transverse momentum spectra [3] - [8] and pseudorapidity distributions [9] [10], have experienced a series of extensive investigations in both nucleus and hadron collisions.
These investigations have confirmed two facts. One is that the quark-gluon plasma (QGP) might have come into being in nucleus collisions at current RHIC or LHC energies [11] [12] [13] [14] [15] . This also might be true even in hadron collisions at the early lower energies of Intersecting Storage Rings (ISR) and Super Proton Synchrotron (SPS) at CERN [16] [17] [18] [19] [20] . The other is that the matter created in nucleus or hadron collisions shows a clear feature of collective flow, expanding cal feature of this theoretical model is that it incorporates the effects of phase transition into solutions. This coincides with the current experimental observations as mentioned above. Hence, the employed model is more in line with the realistic situations. In addition, the model is related to the initial temperature of QGP, the sound speed in both partonic and hadronic media, the baryochemical potential, as well as the critical temperature of phase transition. This work may therefore help us understand various transport coefficients of expanding system.
In Section 2, a brief introduction is given to the theoretical model [27] , presenting its analytical solutions. The solutions are then used in Section 3 to formulate the invariant multiplicity distributions of charged particles produced in collisions which are in turn compared with the measurements performed by LHC-CMS Collaboration in p-p collisions at LHC energies of 0.9 s = , 2.76 and 7 TeV [3] , respectively. The last Section 4 is about conclusions.
A Brief Introduction to the Model
Here, for the purpose of completion and application, we shall list the key ingredients of the adopted model [27] .
1) The movement of fluid meets continuity equation 
where ( )
, cosh ,sinh , 1
is the 4-velocity of fluid, F y is its rapidity. ε and p in Equation (2) are the energy density and pressure of fluid, which fit thermodynamic relations
where T and s are the temperature and entropy density of fluid, respectively.
To close Equation (1), another relation, namely the equation of state
is needed, where s c is the sound speed of fluid, which takes different values in QGP and in hadronic phase.
2) Project Equation (1) to the direction of u µ and the direction perpendicular to u µ , respectively. This leads to equations
The first formula is the continuity equation for entropy conservation. The second one means the existence of a scalar function φ satisfying relations cosh , sinh .
From φ and Legendre transformation, Khalatnikov potential χ is introduced via cosh sinh
In terms of χ , the variables t and z can be expressed as
where 0 T is the initial temperature of fluid and
. Through above equations, the coordinate base of ( ) , t z is transformed to that of ( )
, F y θ , and the first formula of Equation (6) is translated into the so called telegraphy equa- 4) The solution of Equation (10) for the sector of QGP is [27] ( ) 
where 0 q is a constant determined by tuning the theoretical results to experimental data. 0 I is the 0th order modified Bessel function of the first kind.
In the sector of hadrons, the solution of Equation (10) is [27] ( ) ( ) ( )
where ( 
The Thermal Motion Induced Transverse Momentum Distributions of Identified Charged Particles
With Khalatnikov potential χ , the rapidity distributions of fluid read as [26] 0 0
where A is the cross area of overlap region of collisions. Inserting Equation (9) into above equation, the part in the round brackets becomes µ in Equation (17) is the baryochemical potential. For Fermi charged particles, 1 δ = in the denominator of Equation (17), and for Bosons,
The meaning of Equation (17) The right hand side of Equation (17) is evaluated with
At this moment, the fluid freezes out into the charged particles. Replacing χ in Equation (16) by h χ of Equation (12), it turns into
where ( ) 
where 1 I is the 1st order modified Bessel function of the first kind.
The integral interval of F y in Equation (17) is [ ] . By using Equations (15), (17) , and (18)- (20), together with the definitions in Equation (13) in the considered collisions, the abundances of particle and antiparticle are approximately equal to each other [3] . This can be clearly seen in Figure 1 . As for the initial temperature 0 T in Equation (13), there is no widely accepted value so far. In this paper, consulting the results presented in Ref. [28] , 0 T takes the values of 3.0, 6.5 and 7.8 GeV for incident energies equaling 0.9, 2.76 and 7 TeV, respectively.
Conclusions
In order to see the importance of thermal motion in the expansions of the matter 
